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Twelve years after its introduction in 1884,
the Gram stain was applied by Ernst for the
staining of human epidermis, hair, nails and
horny organs of other species (1). In his classical
paper he gave a detailed account of the out-
standing features of human skin stained with
this method. Since that time, a number of
authors applied this technic for the staining of
cpidermal structures and mucous membranes
(2 to 8). In spite of the extensive literature, the
mechanism of the stain and the nature of the
Gram-positive material remain mysterious (9,
10). The study of this problem is of considerable
importance for two reasons: First, there are but
relatively few stains such as the Gram, which
differentiate between tissue elements in the
epidermis; then, in addition to bacteria and
yeasts, there arc only about half a dozen sub-
stances in nature which stain according to
Gram (9).
In the present paper we discuss the histologic
application of the Gram stain to cutaneous
structures and present some new findings con-
cerning the chemical nature of the Gram-positive
material together with its possible role in epider-
mal differentiation.
EXPERIMENTAL
1. Histologic Studies
Deparaffinized sections were stained with the
Gram-Weigert technic, as described by Johnson
(8). Adequate staining could also be obtained by
introducing two modifications: 1. Instead of
Weigert's iodine, the use of Grain's iodine for 1
minute; 2. Decolorizatioo with a mixture of
equal volumes of acetone and 70% alcohol, fol-
lowed by dehydration in graded alcohols.
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2. Measurement of Dye Retention in
Pulverized Horny Material
In order to obtain a more objective measure of
the extent to which various horny structures
retained the dye, a semiquantitative method was
developed. Quantitation of the stain has been
previously attempted for bacteria (11). Instead of
staining histologic sections and estimating the
intensity and extent of the reaction, with this
modified Gram technique we stained accurately
weighed quantities of pulverized horny material
and measured the dye retention colorimetrically.
The steps of this method are as follows:
1. Horny material (callus, pathologic scales,
hair, nails, wool, etc.) was defatted with ether
and ground to standard size (60 to 80 mesh) in
the Wiley mill. Ten milligram samples of this
powder were weighed into glass stoppered
centrifuge tubes.
2. The powdered material was stained with
Stirling's aniline crystal violet (Conn's modi-
fication) (12) in a 3—5:100,000 dilution. This dye
was freshly prepared from a 0.1% stock solution.
The horny material was incubated for 3 minutes
at room temperature in 1 ml. of the dye with
frequent stirring.
3. The excess dye was washed out with 3
changes of distilled water, by centrifuging and
discarding the supernate.
4. The washed material was treated with 1
ml. of Gram-Weigert's Lugol solution for 30
seconds at room temperature, immediately
followed by repeated washing with water, as
described above. After the final rinsing the
water was thoroughly drained off.
5. The stained samples were incubated for
24 hours with 5 ml. absolute alcohol at room
temperature; frequent stirring insures complete
extraction of the retained dye. Then the tubes
were centrifuged and the color of the supernate
was measured in the Klett colorimeter at 560
17
mp.
3. Effect of Chemical Agents and Enzymes
on the Gram Stain
The in vitro method for estimating the extent
of Gram-staining in pulverized horny material can
be conveniently used for studying the effects of
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various agents on the dye uptake. The following
substances were tested:
1. Solvents: Water, alcohol, ether, acetone,
10% Duponol.
2. "Keratolytic" agents: 0.1 N NaOH, 0.1 N
sodium cyanide, 5% sodium thioglycolate in 0.25
N NaOH, 75% lithium bromide, 50% urea and
saturated allantoin solutions.
Oxidizing agents and acids: Ammoniacal hy-
drogen peroxide (10%), bromine water, concen-
trated nitric acid, 50% sulfuric acid, 0.4 and 3%
acetic acid.
4. Metallic salts: Mercuric chloride, mercuric
acetate, thallium acetate, ferrie nitrate, ferric
sulfate, nickel chloride, lead acetate, chromium
trinitrate and trioxide and gold chloride, in 10%
concentrations.
5. Enzymes: Trypsin, papain, hyaluronidase,
crude testicular extract, lysozyme and ribonu-
clease.
6. Sulfhydryl inhibitors: Lugol's solution,
saturated arsenic trioxide aod 10% sodium iodo-
acetate.
4. Chemical Studies
Chemical determinations were performed in
hydrolyzed horny material. One hundred mg. of
defatted and powdered normal and pathologic
horny layers, hair, nails or wool were subjected
to hydrolysis with 5 ml. of 2 or 4 N HCI for periods
of 10—20 hours at 105°C. The hydrolyzates were
neutralized, adjusted to constant volume, de-
colorized with charcoal and filtered.
In the filtrates glucosamine was determined
with the Elson-Morgan method, modified by
Weber (13). In some instances, prior to hydrol-
ysis, the scales were incubated with various
chemical compounds. In such cases, the incubated
material was washed extensively, until the wash-
ings were free of the incubating agent, as indicated
by sensitive specific qualitative tests for the
individual compounds.
Glucosamine was also estimated in aqueous
extracts of scales (125 mg/i ml. water). The
extracts were prepared by shaking the material
with water overnight at room temperature.
Sulfhydryl was determined with Bennett's
reagent (14).
RESULTS
1. Histologic Findings
Our findings agree with those of previous
investigators (2 to 5). In normal epidermis with
a thin horny layer the stained portion is re-
FIG. 1. Normal epidermis. Narrow Gram-positive band in transitional layers. X165
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Flu. 2. Plantar epidermis. Gram-postivity extending around sweat duets. Surface layers Gram-
negative. X40
FIG. 3. Plantar wart. Diffuse, extensive Gram-positivity. X22
/'•
 
1 
-
.
 
S.
. 
'p
 
'S
 
20 THE JOURNAL OF INVESTIGATIVE DERMATOLOGY
FIG. 4. Psoriatie epidermis. Scattered Gram-positive cells ia upper Malpighiao layers. X105
FIG. 5. Psoriatic scales. Marked Gram-staining throughout entire horny layer. X160
a
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FIG. 6. Squamous cell carcinoma. Gram-positive horny pearl. X140
stricted to a narrow band between the Mal-
pighian and horny layers ("transitional zone")
(Fig. 1.). In regions with a highly developed
stratum corneum, such as the soles, the Gram
stain is widely distributed. In such thick horny
layers not only the lowermost zone stalns, but
there is scattered Gram-positivity in the more
superficial layers as well, especially around the
sweat ducts. However, the uppermost, most fully
differentiated layers are invariably Gram-
negative (Fig. 2.).
In pathologic horny layers Gram-positivity
often occurs in areas with parakeratosis or
dyskeratosis. Plantar warts are characterized by
extensive Gram-staining (Fig. 3.). In the psoriatic
epidermis some cells of the upper Malpighian
layers are Gram-positive; the most intensive
Gram-positivity occurs in the parakeratotic
psoriatic scale (Figs. 4. and 5.). There is marked
Gram-staining in the horny pearls of squamous
cell carcinoma, (Fig. 6.) the dyskeratotic cells
and grains of Daricr's disease and the horny cells
t the base of a cornu cutancum.
£?. In Vitro Studies of the Gram-Positive
Substance
The increased affinity of certain pathologic
horny layers to the Gram-stain was confirmed
with our semiquantitative test. Pulverized callus
takes up very little of the dye, while psoriatic
scales are highly Gram-positive (Fig. 7.). A high
degree of Gram-positivity was found in scales
from patients with non-psoriatic exfoliative
dermatitis and Darier's disease, while horny
layers of patients with keratodcrma plantare and
ichthyosiform erythroderma gave the same low
range of colorimetric readings as callus.
In order to investigate the chemical nature of
the Gram-positive material, the simplest method
would be to destroy this substance and to
analyze the horny material before and after
abolition of the Gram-stain. However, when we
tried to adopt such procedures, the Gram-staining
resisted most of our attempts at its destruction.
The resistance of Gram stained kcratohyalin
against various enzymes has been commented
upon by Montagna (15). To our surprise, the
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staining proved resistant to almost all other
chemical influences as well. It could not be
abolished by any of the solvents, "keratolytic"
and oxidizing agents, acids, enzymes and sulf-
hydryl inhibitors tested by us. The only sub-
stances which consistently blocked the staining
were certain metallic salts, namely mercuric
acetate and ferric salts; the effect of chromium
salts appeared less pronounced. These salts,
especially mercuric acetate, were of great help in
FIG. 7. In vitro Gram stain of pulverized horny layers. Marked staining of psoriatic scales (P), weak
staining in callus (C).
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FIG. 8. Inhibition of Gram stain by increasing concentrations of mercuric acetate.
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advancing our understanding of the possible
nature of the Gram-positive substance.
3. Effect of Mercuric Acetate on the Gram-Stain
When pulverized horny material is incubated
with 10% mercuric acetate, its affinity to the
Gram-staia becomes completely lost. Mercuric
chloride has a similar, but less pronounced effect.
The blocking affects the first step in the Gram-
reaction, the uptake of crystal violet; inhibition
of this step was strikingly apparent with our
semiquantitative method. Therefore the blocking
cannot be attributed to the formation of the
insoluble mercuric iodide in the second step of
the reaction. The inhibition can be reproduced in
histologic sections as well. However, mercuric
ions do not influence the metachromasia of such
sections. In a 10% solution, mercuric acetate
interferes also with the staining of heat-killed
Gram-positive pneumococci.
With lower concentrations the inhibition is
incomplete. When the per cent inhibition is
plotted against varying concentrations of
mercuric acetate on semilog paper, a straight-line
correlation can be obtained (Fig. 8.).
4. Glucosamine Content of Horny Structures;
Effect of jl/[ercuric Acetate
All horny structures studied by us yielded
significant amounts of glucosamine upon hy-
drolysis. The Elson-Morgan method for the
determination of this substance is quite specific.
The only possible source of error may be the
false positive reaction given by mixtures of
amino acids and reducing sugars in hydrolyzed
tissues (16). However, these components may be
distinguished from glucosamine by hydrolysis of
the tissue with 4 N HC1 for 16 hours which
eliminates them completely, while leaving most
of the glueosamine intact. In such a way we were
able to ascertain that the material in our hy-
drolyzates was glucosamine, a building stone of
mucopolysaceharides.
The glucosamine contents of hydrolyzed
horny structures are listed in Table I. It appears
that there is a parallelism between the degree of
Gram-positivity and the glucosamine concen-
tration. The definite establishment of a correla-
tion is at present precluded by the inaccuracies
inherent in the semiquantitative Gram-method.
The amounts of extractable free and bound
glucosamine have been published in a previous
TABLE I
Glucosamine in Hydrolyzates of Horny Structures
Glucosamine in
mg/itO Gm
#1120
#2 83
#3 100
#4 60
#5 60
#6 60
#7 110
#8 110
#9 75
130, 170, 180
#1 260
#2 270, 290,
200
#3 280, 290
#4 120
#5480, 450
#6 580
#7 160, 130,
160
Weak to
moderate
paper (17). The exact quantities are difficult to
assess; the hydrolysis test for the elimination of
the false positive components cannot be used,
because it releases further large amounts of
glucosamine. Nevertheless, it seems that both
the bound and free extractable fractions are
increased in some pathologic scales, such as
psoriasis or exfoliative dermatitis. With the
exception of our findings in callus, our data also
generally agree with those of Weber and Braun-
Falco (18).
Trypsin and crude testicular extract had no
effect on the amounts of glucosamine released by
hydrolysis. Among the "keratolytic" agents,
sodium sulfide and cyanide had no effect, while
sodium hydroxide and sodium thioglycolate
occasionally reduced the quantities of glucosa-
mine recovered after hydrolysis.
However, the effect of mercuric acetate upon
the glueosamine content was absolutely consist-
Horny tissue
Callus (extracted
with water)
Ichthyosiform
erythroderma
(extracted with
water)
Exfoliative derma-
titis (extracted
with water)
Psoriasis (extrac-
ted with water)
Hair
Wool
Nails
Gram stain
Very weak
Very weak
Moderate
Moderate to
intense
320, 250, 280
110
120
100
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400
mg%
gIucos—
amine
300
pretreatment with water, acetic acid and
ent. Whenever, prior to hydrolysis, either normal
or pathologic ground scales, pulverized hair or
nails were incubated with 10% mercuric acetate,
their glucosamine content was sharply reduced,
as compared with controls, treated with water
or an equimolar solution of acetic acid (Fig. 9.).
In the course of these glucosamine estimations
it was observed that when the hydrolyzates were
boiled with the alkaline acetyl-aeetone reagent,
a precipitate was formed. This precipitate
dissolved upon the subsequent addition of the
acid Ehrlieh-reagent in the second step of the
color reaction. No such precipitation occurred in
any of the other hydrolyzates of scales which
had been pretreated with keratolytic or oxidizing
agents, enzymes or sulfhydryl inhibitors. This
phenomenon led us to believe that the precipitate
formed in the hydrolyzates of scales which had
been pretreated with mercuric acetate, contained
the maj or part of the glucosamine in a non-
reactive form. This assumption was confirmed by
a simple experiment. Prior to the determination
of glucosamine, the hydrolyzates were boiled in
an alkaline medium, in order to bring about
maximum precipitation. The precipitate was
subsequently separated by centrifugation and
when glucosamine was estimated in the supernate,
none could be found. In preliminary experi-
ments with scales pretreated with ferric sulfate,
we found a similar reduction in the glucosamine
content. However, in these hydrolyzates the
little precipitate formed upon alkalinization was
considerably less than in the scales pretreated
with mercuric acetate.
It was considered that although the scales had
been extensively washed after their incubation
with mercuric acetate, inorganic mercury re-
mained in the hydrolyzates and was precipitated
upon alkalinization. This inorganic precipitate
could have carried down the glucosamine. Such
an error was ruled out by adding to hydroly-
zates of untreated scales relatively large amounts
of mercuric acetate, prior to glucosaminc deter-
mination. Under these conditions there was
relatively slight reduction in the glucosamine
content (Table II.).
We hoped to isolate the Gram-reactive sub-
stance from the hydrolyzates of scales pretreated
with mercuric acetate. For this purpose we
prepared precipitates on a large scale from the
alkalinized hydrolyzates. However, even after
extensive purification, the washed precipitates
600
500
LI Incubatedwith water
Incubated
with HAc
Incubated
with HgAc
zoo
100
Fin. 9. Glucosamine content of hydrolyzed scales after
mercuric acetate.
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TABLE II
Glucosainine Content of Hydrolyzed Psoriatic
Scales: Effect of Various Agents Added before
and after Hydrolysis
(Glucosamine in mg/100 Gm dry defatted tisstie)
Treatment of scales:
Before hydrolysis: After hydrolysis:
wa er Aceticacid
Mercuric
acetate
Arctic
arid
Mercuric
acetate
Case 4'1
Case *2
Case #3
480
270
150
520
270
140
164
94
65
590
370
190
450
210
130
were still contaminated with large amounts of
inorganic mercury. Attempts to remove every
trace of inorganic mercury by treating the scales,
prior to hydrolysis, with chelating agents, were
unsuccessful. Isolation of the material from
hydrolyzates of scales pretreatcd with ferric
sulfate proved equally disappointing. At present,
other methods for the recovery of the Gram-
positive substance arc being tried.
DISCUSSION
The Gram-positivity of microorganisms and
tissues is governed by physical and chemical
factors, which arc incompletely understood
(8, 9, 10). Attempts to attribute the Gram-
staining to single chemical components alone,
proved incorrect. Thus, it has been repeatedly
assumed that Gram-positivity in the epidermis
was due to sulfhydryl compounds (3, 4, 5, 19).
Essentially, this belief is based on three lines of
evidence: 1. The similar distribution of Gram-
positive and sulfhydryl reactive areas in the
epidermis; 2. the alleged abolition of Gram-posi-
tivity by sulfhydryl inhibitors and 3. the con-
version of Gram-negative structures to
Gram-positivity by procedures which liberate or
create sulfhydryl groups, such as reducing agents
in hair (6) or various denaturing measures in
wool (20, 21).
The first evidence is circumstantial and
irrelevant. Some tissues, such as powdered nail,
hair or wool, arc quite poor in SIT, yet are Gram
positive. The alleged prevention of Gram-staining
by sulfhydryl inhibitors could not be confirmed
by a number of authors (6—8, 22); we also were
unable to block the Gram-stain with sulfhydryl
inhibitors, such as iodoacetate, iodine or arsen-
icals. Completeness of inactivation of sulfhydryl
groups was proved by chemical assays. The
inhibition of the stain by mercuric salts, as
described above, is not based on sulfhydryl-
inhibition, because other heavy metallic salts
which do not inhibit sulfhydryl groups may have
a similar effect.
In our opinion, the third evidence, the puzzling
conversion of hair and wool to Gram-positivity
by reducing and denaturing agents, is based on
correct observations and incorrect interpreta-
tions. Thioglycolatc and denaturing agents not
only create or liberate sulfhydryl groups, but
also increase the permeability of the tissue and
promote the entrance of the dye. As mentioned
before, Gram-positivity is dependent on physical
as well as chemical factors. Enhanced penetration
of the dye may be the crucial factor in converting
Gram-negative structures to Gram-positivity.
This assumption is supported by the following
simple experiment: While virgin wool takes up
very little of the stain, grinding of the same
wool prior to staining, greatly increases its
Gram-staining ability. By the same token, in
converting Gram-negative structures to Gram-
positivity, the main role of thioglycolate may be
to facilitate the access of the dye into the interior
of the tissue where the Gram-positive compounds
are located.
Elimination of the sulfhydryl compounds as
contenders for the role of Gram substrates leaves
this substance still unidentified. The observations
described in this paper bring indirect evidence in
support of the theory that the Gram-positive
substance of human epidermis and epidermal
structures may be a complex, highly resistant
acid mucopolysaccharidc. Evidence for this
theory may be summarized as follows:
1. Upon hydrolysis, Gram-positive horny
structures yield varying amounts of glucosamine.
The quantities of glucosaminc released from
various horny layers roughly parallel the degree
of Gram-positivity of these structures.
2. Mercuric and other heavy metallic salts
which block the first phase of the Gram-staining
procedure, greatly decrease the amounts of
reactive glucosamine made available by hy-
drolysis. Precipitates formed upon alkalinization
of such hydrolyzatcs contain the available
glucosaminc. The mechanism of action of these
metals is obscure. Possibly they combine with
the Gram-positive material in such a way that
26 THE JOURNAL OF INVESTIGATIVE DERMATOLOGY
the dye-uptake, as well as the reactivity of the
glucosamine building stones is blocked.
3. Gram-positive bacteria have been shown to
contain ten times more hexosamine than their
Gram-negative counterparts (10, 23); as in the
epidermis, mercuric salts inhibit the Gram-
reaction in bacteria as well.
The observed phenomena may be explained by
the following provisional working theory: Under
normal conditions, the epidermal cells produce a
highly resistant Gram-positive mucopolysac-
charide which is precipitated in or around the
keratohyalin granules. As the horny layer is
formed, this material is decomposed to such an
extent that even its building stones, such as
glucosamine, largely disintegrate in the fully
developed stratum eorneum. In parakeratotic
and many types of pathologic keratinization
and in coherent horny structures, such as hair or
nails, this decomposition is incomplete. The
Gram-positive mueopolysaecharide is excreted
into the horny layer; its building stones may be
recovered from it either by hydrolysis or, in
pathologic scales, even in a free state. The
increased glueosamine content of psoriatie scales
is therefore another characteristic, though
non-specific chemical feature of the disease. *
* In his recent paper on the histochemical
aspects of parakeratoses, Steiner (7) writes asfollows: "The Sil content of hyperkeratoticlesions seems greater than that of para-
keratoses If this finding can be confirmed by
quantitative methods, it would throw doubt on
the conclnsions of Flesch and Esoda, according
to which abnormally increased SH values of the
stratum corneum are characteristic of psoriatic
parakeratosis (24). Magnus has already found
high Sil values not only in the scales of psoriasis,
but also in seborrheic and psoriasiform derma-
titis." (25). This statement implies that we at-
tributed to the high Sil content of psoriatic scales
a specific role in the psoriatie epidermal process
and that Magnus drew attention to the high SH
occurring in other scaling diseases. This impli-
cation is at variance with out views, expressed in
a number of publications, including the one quoted
by Steiner (24, 26, 27, 29). Already the first author,
Zingsheim, who observed the high SH content of
psoriatic scales with histochemical methods,
emphasized its non-specific nature (28); on the
basis of our quantitative studies, we had no reason
to say otherwise. Our latest statement on this
topic is quite explicit: "The high sulfhydryl
content is the least specific of the chemical changes
studied by us. Whenever the horny layer is formed
at a more rapid rate, its sulfhydryl content rises."(29). The basis of the misunderstandings may lie
in semantics: While all the chemical changes
described by us and others are characteristic for
psoriasis, i.e. they occurred in all psoriatics
The practical implications of our findings are
in the experimental stage. Attempts to interfere
with the abnormal mucopolysaccharide me-
tabolism by injecting other mucopolysaceharides
into the psoriatic lesions were all unsuccessful.
The beneficial effect of locally injected heparin,
as reported by Eberhartinger, must be dis-
counted, because of the hemorrhagic side-effects
and the enormous doses administered (30).
The assumption that such an extremely
resistant, glueosamine containing material occurs
in all highly Gram-positive human epidermal
structures, (pathological horny layers, hair and
nails) raises some interesting possibilities. It is
conceivable that the "cohesion" of these struc-
tures is at least partly due to this hypothetical
substance. To the functions of the epidermal cell,
its multipotentiality to produce keratin or
sebum, we will have to add a third ability: the
manufacturing of mucopolysaceharides. The
quantity, quality, or both, of the epidermal
mucopolysaccharides may determine some of the
physical aspects of the horny structures formed.
The extreme resistance of the Gram-positive
substance to all kinds of chemical and enzymatic
agents leaves the field wide open for further
research.
5UMMAEY
1. The nature and possihle role of the Gram-
positive material of human epidermis and horny
structures were studied with histological and
chemical methods.
2. In sections of human epidermis, the lower-
most horny layers are Gram-positive; in many
cases of pathologic keratinization there is diffuse
and extensive staining of the horny layer through-
out its entire thickness.
3. For the objective study of the Gram-
reaction a semiquantitative eolorimetrie assay
was developed, by staining weighed amounts of
pulverized horny structures in vitro. The dye
taken up by the horny material was extracted
with alcohol and its intensity estimated color-
imetrically. Significant amounts of dye combined
with pulverized hair, nails, wool and some path-
ologic scales, while powdered callus was
relatively Gram-negative.
4. The Gram-stain could not be abolished by
studied by us, they are not uniquely so: in other
words, they are not specific for this disease, as
they were found in other scaling conditions as well.
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a large variety of solvents, keratolytie and
oxidizing agents, acids, enzymes or detergents.
Sulfhydryl-inhibitors had no effect on the Gram-
stain.
5. Certain salts of heavy metals, especially
mercuric acetate and fcrric sulfate in adequate
concentrations, completely blocked the uptake
of stain by horny material. The inhibition affected
the first step of the Gram-reaction. Similar
inhibition was obtained in heat-killed pncu-
mococci.
6. Glucosaminc determinations in hydrolyzed
horny material revealed considerable quantities
of this substance in normal and pathologic
horny layers, nails, hair and wool. There seemed
to be a parallelism between the Gram-reactivity
of these structures and their glucosaminc content.
7. Pretreatment with mercuric acetate greatly
lowered the amounts of demonstrable glucosa-
mine in the hydrolyzates of horny structures.
This phenomenon was attributed to the com-
bination of mercuric ions with the Gram-positive
material in such a way that the dye-uptake, as
well as the reactivity of the glucosaminc building
stones were blocked through the formation of
non-reactive mercuric "salt." Attempts to isolate
this compound in a pure form thus far were
unsuccessful.
8. These findings suggest that cpidcrmal cells
arc capable of synthesizing a highly resistant,
glucosaminc-containing material, probably a
mucopolysaccharidc. In normal cpidcrmal de-
velopment this material is largely decomposed,
to such an extent that even its building stones,
such as glucosaminc, mostly disintegrate in the
fully developed horny layers. In parakcratotic
and many types of pathologic kcratinization and
in coherent horny structures, such as hair or
nails, this decomposition is incomplete.
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ADDENDUM
After completion of this manuscript our
attention was called to Fischer and Zalcschuk's
scmi-micromcthod for estimating the amounts of
crystal violet taken up by biological material
(J. Histochcm. Cytochcm., 6: 237, 1958). These
authors found that nail takes up considerable
amounts of crystal violet, about as much as
alkali degraded wool. Quantitative data on
Gram stain taken up by nails were not given.
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DISCUSSION
DR. WALTER F. LEVEE (Boston, Mass.):
Dr. Braun-Falco has demonstrated in histologic
sections that the surface of the epidermal cells
as well as the intercellular bridges are coated
with an acid mucopolysaceharide (Arch. kim.
exp. Derm. 207: 459, 1958). I wonder if this acid
mueopolysaccharide is in any way correlated
with the material that you have found to be
gram-positive.
DR. EUGENE J. VAN SCOTT (Bethesda, Md.):
When dealing with the epidermis either by
direct chemical methods or histnchemically,
how can one identify substances brought up
from the corium, substances which might circu-
late quite freely between the epidermal cells and
which might be non-specifically absorbed onto
proteins or other chemical structures of the
epidermis?
DR. JoHN M. KNOX (Houston, Texas): I
would like to congratulate Dr. Flesch on this
work. In recent years there has been more and
more interest in chemical means of diagnosis,
as well as in histological diagnosis.
Histochemistry is being widely studied. We are
trying to adapt chemical changes that occur in
scales and the epidermis into a diagnostic aid.
Dr. Ogura, a biochemist in our department at
Baylor, is using an extremely sensitive polaro-
graph and finds definite chemical differences in
certain diseases that are almost pathognomonic.
Te hope to present this material next year when
we have more cases and arc certain of our findings.
Dr. Fleseh has been trying to emphasize for
years that psnriatic, scborrheic, and mycosis
fungoides scales are different chemically, and
various diseases may be diagnosed chemically.
In medicine there are many chemical tests that
have been of great value to clinicians. It may be
that dermatology is embarking on a new era in
which chemistry will be an aid to other means of
diagnosing skin problems.
DR. RICHARD K. WINKELMANN (Rochester,
Minn.): I should like to know if Dr. Flesch still
believes that there is association between para-
keratosis and gram-staining. I got the impression
that he meant to imply the staining is due to
polysaceharides and not due to parakcratosis.
I have recently described a night blue affinity
for keratin. This produces much the same
picture as the ninhydrin-Schiff reaction and
gram-stain reaction that Dr. Flesch just pre-
sented.
DR. PETER FLE5CH (in closing): I would like
to thank the discussers for their comments.
Dr. Lever's remark is very apt. It is very
likely that the substance in the cell walls of the
epidermis, as described by Braun-Falco, is
identical with the material we have studied. In
case I have not made myself entirely clear, our
present conception is that in normal as well as in
abnormal horny layer formation the epidermal
cells synthesize mucopolysaccharidcs. However,
under normal conditions, this material decom-
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poses to such an extent that in the horny layer
even most of the building stones are lost. On the
other hand, in pathologic keratinization, the
Gram-positive material is decomposed to a much
lesser extent and therefore it is possible to recover
the building stones both in combined and free
state. Extensive hydrolysis is needed before
these substances may be detected. The idea that
the pluripotentiality of the epidermal cells
includes the manufacturing of mueinous materials
of different composition fits in well with recent
findings of Hirsch and Helwig who observed the
production of cartilage by epidermal cells in their
cases of syringoehondroma and also with recent
electron microscopic studies of epidermis which
strongly favor the view that keratohyalin is
deposited around the tonofilaments prior to the
full hardening of the fibrils.
I am very pleased to hear about Dr. Knox's
findings and am looking forward to learning
more about them.
In answer to Dr. Winkelmann, it depends on
how one defines parakeratosis. Persistence of
Gram-staining throughout the horny layer was
observed in all cases of parakeratosis, and also in
non-parakeratotie horny layers. The positive
staining of the cells around the sweat duets in
the horny layer of the soles is a good example of
persistence of Gram-staining in non-parakeratotie
horny cells.
